In recent years, high crop prices and record farm incomes, combined with low interest rates and urban development pressure, have caused dramatic increases in farmland values. From 2004 to 2012 nominal cropland values in the United States doubled (USDA-NASS 2006 . With real estate accounting for 85 percent of farm sector assets, the higher land values have meant substantial increases in wealth for some farmers (USDA-ERS 2012). The capital gains from land appreciation may have increased access to credit by making more collateral available for loans, enabling some farmers to expand production or purchase more land. Rapid appreciation may therefore contribute to the ongoing consolidation of crop agriculture (MacDonald, Korb, and Hoppe 2013) . By lowering borrowing costs for established farmers and encouraging them to buy land, rising land prices may also work against state and federal beginning-farmer bond programs designed to help beginning farmers buy land. We explore the implications of land appreciation by estimating the extent that farmers experiencing larger wealth gains from recent farmland appreciation harvested more acres or bought more land compared to farmers with smaller wealth gains.
Increases in land wealth could influence land use and ownership decisions by lowering the cost of borrowing. Writing in the wake of the large increase in farmland values in the 1970s, Plaxico and Kletke (1979) and Lowenberg-DeBoer and Boehlje (1986) argued that capital gains from farmland appreciation increase a farmer's collateral, which allows him to borrow more or borrow at a lower rate. Improved borrowing terms, in turn, could allow farmers to expand.
However, as we demonstrate using a simple theoretical model, land appreciation does not necessarily induce farmers to expand acreage, even if it lowers borrowing costs. Land appreciation is driven by higher crop prices and profits, which provide an incentive to expand, but higher land values and rental rates also make it more costly to expand on the extensive margin. While the effect of land values on farm size is ambiguous, our model predicts that higher land prices encourage farmers to buy land because the increase in equity lowers borrowing costs, decreasing the cost of accessing land through purchase relative to renting. This is the first study that we are aware to estimate farm-level responses to land wealth appreciation, although some have explored how changes in wealth caused by real estate markets affect non-farm household borrowing, consumption, and entry into self-employment (Hurst and Lusardi 2004; Campbell and Cocco 2007; Bostic, Gabriel, and Painter 2009; Disney and Gathergood 2009; Mian and Sufi, 2009; Fairlie and Krashinsky 2012) . To identify an exogenous change in wealth, these studies exploit variation in real estate prices across space. A problem with this approach is that such variation is likely correlated with unobserved changes in the local economy affecting household decisions. Campbell and Cocco (2007) take a more promising approach and interact changes in regional housing prices with a variable indicating whether the household owns or rents its home (since only owners experience wealth increases from higher prices). To empirically identify farm-level responses to farmland appreciation we exploit, as did Campbell and Cocco (2007) , differences in how real estate appreciation affects owners and renters. More specifically, we use variation in the share of land operated by the farm that is owned by the farm. In addition, we exploit two periods with markedly different appreciation The empirical approach has several strengths. Because most crop farmers rent some of the land that they farm, we can exploit variation in ownership shares among farms renting some land. This eliminates bias that could arise if farmers who own all the land they operate are different from renters in unobservable ways. Second, observing the same farm in three different years allows us to control for the possibility that farmers who own a greater share of land tend to expand more quickly (or more slowly) than those with a smaller share.
The third and perhaps most important strength is that the approach uses variation in farmland appreciation across time instead of across space, which is likely correlated with local conditions affecting farm decisions. Farmers have the greatest incentive to expand in areas best suited to grow the crops with the largest price increases. But, these are also the areas where farmland values will appreciate the most, inducing a spurious correlation across space in real estate appreciation, farmer wealth, and changes in acres harvested or owned. Instead of relying on spatial variation, we rely on an unexpected increase in land appreciation across time caused in part by the 2005 ethanol mandate and the resulting higher global crop prices (real corn prices increased by more than 40 percent from 2002 to 2007). 1 We find that increases in land wealth had a negligible effect on farm size as measured by acres harvested. In contrast, we find that farmers with larger increases in wealth bought more land than they otherwise would have. Owning 10 percentages points more of the land in the farm was associated with 2 percentage points faster growth in land owned. This effect does not appear when we replicate the analysis for an earlier period when land appreciated at a constant rate, which is evidence that our results are not spurious. Because older farmers own a larger share of the land in the farm, the findings imply that greater land appreciation slows the rate at which younger farmers acquire land compared to older farmers. And because smaller farms own a larger share, greater appreciation works against the consolidation of land ownership among larger farms. Plaxico and Kletke (1979) argued that an unrealized capital gain from land appreciation can serve as equity when applying for a loan, thereby reducing the risk to the lender that the borrower defaults. Building on this assumption, Lowenberg-DeBoer and Boehlje (1986) supposed that the cost of borrowing to purchase land decreases with the farm's debt-to-equity ratio. Lowenberg-DeBoer and Boehlje used a modified Vicker's model (Vickers, 1968) where the farmer seeks to maximize the present value of future income (less the equity used to generate it) and the salvage value of the farm's assets. Farmland appreciation encourages expansion in acreage because farmers treat some of the capital gains as current income, which raises profits in the current period and increases the profit-maximizing farm size.
Farm Response to Wealth Gains from Land Appreciation
A limitation of the Lowenberg-DeBoer and Boehlje model is that the value of land consumed as an input to production (e.g, from the depreciation of fences) enters the objective function, but the cost of acquiring land, either through renting or purchase, does not. This hides the increase in land values that makes buying or renting land more expensive. And for those who rent land, payments for land increase even if rented acres do not expand. Although simpler in several aspects, we posit a model that explicitly incorporates land prices and rental rates and transparently provides two key results.
The first result is that if borrowing costs depend on wealth, then the more a farmer benefits from an increase in land values, the more he will shift towards owning land instead of renting it. This is because greater wealth lowers the cost of acquiring land through borrowing but not the cost of renting land. The second result is that an increase in land values has an ambiguous effect on farm size that depends on whether the land rental price increases relatively more than the crop price.
Consider a farmer who purchased land in the past and now must choose how much land to rent and buy. The farmer has a debt D and acres from past land purchases, which are exogenous to the farmer's current period optimization problem:
where is the crop price, is the rental price of land, and is the purchase price of land. The total amount of land farmed is equal to the amount rented, plus purchased, plus already owned:
. The term ( ) is the annual cost of purchasing an acre of land.
Because of capital market imperfections, assume that the cost of purchasing land increases linearly with the debt-to-wealth ratio, where the debt includes past debt from land purchases (which does not depend on current prices) plus debt incurred from purchasing worth of land in the current period. Wealth in the current period is defined as the current value of land already owned ( ) minus the outstanding debt. The factor is positive and determines the rate at which the debt-to-wealth ratio increases the cost of borrowing.
down payment on the land purchase and only pays interest on the debt. A more complicated model could relax these assumptions, but the simpler specification more clearly illustrates the relationships of interest.
The first order conditions for a farmer who owns and rents some land are:
Assuming that the land purchase price is the discounted stream of the expected rental price ( ) and that the discount rate is greater than the risk-free market interest rate ( ), we can solve for the optimal quantity of land to buy in the current period:
From (3) we see that the optimal land purchase decreases in past debt and in . To evaluate how land prices affect land purchases, we take the derivative of (3) with respect to the land price:
Hence, land price appreciation induces the farmer to buy more land.
therefore positioned to benefit the most from higher land prices, buy more land than other farmers. At first glance, it appears that the effect of land prices on purchases does not depend on land owned. However, the debt D incurred by purchasing land in the past can be written as the product of the weighted average price at which the acres were purchased ( ̅ ). Differentiating (4) with respect to land owned shows that in response to higher prices farmers owning more land would indeed buy more land than farmers owning less:
The purchase of land does not necessarily imply that the total land in the farm, , will increase. Consider a crop price increase from to , with a corresponding increase in the land rental price. For the majority of farmers who own some land and rent the rest, more land is rented until its marginal value product equals the rental cost, a condition that holds before and after the crop price increase. Combining the two conditions corresponding to the periods of higher and lower prices and rearranging gives:
(6) .
The farm becomes larger if the proportional increase in the rental price ( ) is smaller than the proportional increase in the crop price ( ). When this is the case, will be less than one (assuming f is concave), meaning that more land is employed in production in the higher price increases in the same proportion as the crop price and there is no change in farm size.
Most importantly, as long as the farmer rents in some land, the marginal cost of expanding on the extensive margin -the rental price of land -is independent of the wealth gain.
If on the other hand the cheapest way to expand is through buying land, wealth gains affect the farm's optimal size if borrowing costs depend on wealth.
Empirical Approach
With farm-level panel data, one could use a first-differenced model to estimate the effects of land wealth on acres harvested (or acres owned):
An advantage with this approach is that it controls for a time-invariant farm fixed effect. To approximate changes in wealth from land appreciation one could exploit variation in rates of appreciation across space using regional change in the per acre price of land ( ( ) ).
Regional land prices have the advantage over farm-level prices in that an individual farmer's decisions can affect farm-level prices but not regional prices. For example, farm-level changes in average per-acre cropland prices might reflect endogenous responses by farmers such as improvements to the land (e.g. fences, irrigation systems) or changes in the quality-composition of the land on the farm (e.g. a greater share of cropland, which raises average price).
A problem with (8), however, is that land rental prices and land purchase prices have a direct effect on farm size (acres harvested) apart from any indirect effect that they might have through wealth. Even if borrowing costs were independent of wealth, the change in price per acre would be correlated with changes in acres harvested. This is shown by the familiar first-order condition in (2a) where the crop price and the land rental price determine the optimal farm size.
A similar problem emerges if acres owned is the dependent variable.
2
Including the change in the regional per-acre land price as a separate variable in the model does not resolve the problem because the interaction between acres owned and regional land appreciation will still be endogenous. To illustrate this, suppose that the regional change in land price can be written as the sum of a systematic change common to all regions and a regionspecific idiosyncratic change:
Idiosyncratic changes in land prices might be caused by difference in urban development pressures or land quality. Proximity to urban areas would result in higher appreciation, but would also likely affect farmers' decisions to buy or sell land. Similarly, regions with soil that is better suited to grow the crops whose prices increased the most in the 2000s would have seen greater price appreciation, but farmers in these areas would also have had a greater incentives to expand 2 If borrowing costs are independent of wealth, then the first order condition in (2b) simplifies to ( ) . In an interior solution (owning and renting some land) the farmer is indifferent between owning versus renting land. If some farmers prefer to own land, the simplified version of (2b) indicates that for them land values will determine the optimal farm size and consequently the optimal amount of land owned. farm size. As long as the idiosyncratic spatial variation in land appreciation ( ) is correlated with farm decisions, it will bias parameter estimates by inducing a spurious correlation between the estimated change in wealth (calculated as in (8)) and the dependent variable.
In contrast, the systematic shift in land prices ( ̅ ) common to all farms is exogenous to farm-level decisions. It can be exploited with data on changes over a normal appreciation period and over a high appreciation period. By observing a farm in three different censuses (1997, 2002, 2007) , we can create two panels, one corresponding to a period of normal price appreciation (1997) (1998) (1999) (2000) (2001) (2002) and another corresponding to high appreciation (2002) (2003) (2004) (2005) (2006) (2007) . Holding initial farm size constant, the variation in capital gains depends on the share of the land in the farm that is owned by the farm (Share owned).
More formally, let the relationship between the change in acres and the share of land owned in the "normal" appreciation period (period 1) be modeled as:
where captures any correlation between Share owned and under normal conditions and Acres operated is the initial acres operated at the beginning of the period (1997). In the period of high appreciation, capital gains from land wealth results in the "normal" effect on acres plus the effect from unexpectedly higher appreciation ( ):
Using the dummy variable to indicate the second period (high appreciation),
equations (10a) 
where the dependent variable is the log difference in acres harvested or acres owned over one of the two periods (1997-2002 or 2002-2007) and is a vector of independent variables in the initial year. Because the dependent variable is a log difference, gives the approximate percentage point increase in the dependent variable for a one percentage point increase in the share owned.
Because of a potentially nonlinear relationship between a farm's initial share owned and its expansion of acres harvested or owned, we include a quadratic term for the initial share owned. We assume that the coefficient on the quadratic term is the same in both periods but allow the linear term to change by interacting it with the second period dummy variable.
Allowing the linear term to change is consistent with the linear relationship between wealth gains from land appreciation and the share owned when farm size is held constant. Owning one percentage point more of the land in a 100 acre farm corresponds to owning one more acre. If the price of land increased by $500 over the period, each percentage point increase in the share owned corresponds to $500 more in wealth.
The control vector includes the log of the total land in the farm (i.e., acres operated, which equals acres owned plus rented), the log of the value of production per acre harvested, and a linear and quadratic term for the age of the farm's principal operator. The 1997 values are used for all of the control variables, but we interact the period dummy variable with them to allow their coefficients to be different in the second period. We also include a time-varying state effect ( ) to control for time-specific state shocks such as the interaction between changing commodity prices and a state's suitability for growing the crops favored by the changes.
The setup in (9) fits a standard difference-in-difference framework with two periods and a continuous treatment variable (Share owned). The interpretation on the coefficient of Share owned is the same as if it were a binary variable: the effect of going from owning none of the land in the farm (Share owned equals zero) to owning all of the land (Share owned equals one).
One concern of difference-in-difference models is that members of one group may migrate to another group, changing the group composition and affecting estimates of the interaction effect 
Possible Bias from Sample Attrition
The model (12) is only estimated for continuing farms, which may differ from farms that exited over the 15 year period of analysis. Estimates made only with continuing operations may therefore suffer from selection bias due to sample attrition. There are no obvious instrumental variables that affect farm survival but not farm size change (or land ownership change), which would allow us to control for attrition based on unobservable characteristics. Instead, we address potential selection bias based on observable characteristics by incorporating the survival propensities estimated in a probit model. Specifically, we weight the model in (12) by the inverse of the probability of survival estimated with probit model:
.
where ( ) is the standard normal cumulative distribution function. Weighting by the inverse of the probability of survival reduces the weight of farms that are more likely to survive compared to those whose observable characteristics make them less likely to survive. It therefore aids in identifying population parameters, as shown theoretically by Wooldridge (2002 Wooldridge ( , 2007 and applied in panel data settings by Giles (2006) and Thirumurthy, Zivin, and Goldstein (2007) .
Census of Agriculture Panel Data
The National Agricultural Statistics Service attempts to collect data on all farms and their operators every five years through the Census of Agriculture (hereafter "the Census"). 3 We use each principal operator's unique identification number to link farms across Census years. We start by narrowing the sample to sole proprietorship farms observed in the three most recent Censuses: 1997 Censuses: , 2002 Censuses: , and 2007 . We then focus on grain farms (where at least half of the value of production came from grains) and that owned and rented some land (share owned ranging from 0.01 to 0.99). The share of land owned is the land owned by the farm divided by acres operated (the sum of acres owned and acres rented from others). We further exclude the few farms that rented out land. There are 38,343 farms that meet our sample criteria (table 1) . In 1997 the average sample farmer was 48 years old and operated 851 acres, of which 38 percent was owned by the farm. Harvested acres accounted for more than three-quarters of the total land in the average farm. The median farm was smaller, operating 622 acres, and owned a slightly lower share of the land (33 percent).
Land Appreciation and Changes in Wealth
Our empirical approach rests on comparing over time similar sized farms owning different shares of the land in the farm. To illustrate the relationship between the share of land owned and wealth gains from land appreciation, we multiply the acres owned by the farm in 1997 by the average cropland value for the state. Using the state average cropland appreciation rate we then calculate The descriptive statistics in table 2 suggest that the share of land owned is weakly correlated with changing trends in acres harvested. Farms owning less than 25 percent of their land had growth in acres harvested 0.06 log points less in the second period relative to the first; those owning more than 50 percent of their land saw a similar decline in growth. When looking at trends in land owned, however, farms owning less than 25 percent of their land had growth decline by 0.25 log points compared to a decline of just 0.02 log points for farms owning more than 50 percent of the land in the farm.
The comparisons illustrate the spirit of our empirical approach to isolate the wealth effect of greater land appreciation. They also show that during the period of higher appreciation farms owning more of the land in the farm better sustained their trend of expanding acres owned compared with farms owning less of the land in the farm.
Empirical Model Results
First we estimate the probit survival model (10) to address potential bias from sample attrition.
The results also shed light on the effects of land wealth on farm survival. Wealth could change the likelihood of surviving by changing borrowing costs, or by altering the farmer's retirement decision. For the survival model, we include all farms that met the initial sample criteria in 1997, regardless of whether they were observed in the 2002 or 2007 Census of Agriculture. We estimate the model using the pooled sample, dropping farms once they exit.
If wealth gains from farmland appreciation affect survival, we would expect the relationship between Share owned to be different in the second period since farms with a greater share owned would have had the largest wealth gains. The survival results (table 3) indicate that farmers owning a larger share of the land in the farm were more likely to survive from 1997 to 2002 than farms owning a smaller share. But as evidenced by the small and statistically insignificant coefficient on Share P2, the same pattern continued in the second period even though farmland appreciated at a much higher rate.
The remaining coefficient estimates tell an intuitive story. Larger farms and farms with a greater value of production per acre were also more likely to survive. The results also imply that the age of the farm operator has a negative effect on the probability of survival after age 43
(calculated using the unrounded coefficient estimates). Given that the sample average age of continuing farmers was 48, it is unsurprising that all farms were more likely to continue through the first period than through the second period.
Wealth, Farm Size, and Land Ownership
We find weak evidence that the increase in farmland appreciation in 2002-2007 led to small increases in acres harvested (table 4) . The estimate of the coefficient on Share P2
implies that owning 10 percentage points more of the land in the farm was associated with 0.56 percentage points more in growth in the second period relative to the first period. In addition to the small size of the coefficient, it is statistically insignificant at the 1 percent level, which is an appropriate level given the large number of observations (76,686). The coefficients on the age variables fit the descriptive statistics discussed earlier. Farmers tend to expand their acres harvested more slowly as they age. Thus, there is a negative relationship between age and growth in acres harvested over the range of sample values for age. This could be explained by farms'
having an optimal farm size and many older farmers achieving this size.
In contrast to the findings for acres harvested, there is strong evidence that farmers experiencing larger wealth gains from appreciation bought more land than they otherwise would have. The coefficient on Share P2 implies that owning 10 percentage points more of the land in the farm was associated with 2.2 percentage point higher growth in acres owned in the period of high appreciation compared to the period of low appreciation.
For acres owned, the coefficients on the other variables reveal patterns similar to those found for acres harvested. Larger farms accumulate land at a slower rate, which may be because they are closer to their optimal amount of land owned. It may also reflect the apparent preference of larger farms for growing through renting rather than owning. Presumably, buying land ties up capital that could otherwise be used to rent and farm more acres. We also see that farmers accumulate land as they age but at a decreasing rate, causing a negative correlation between age and growth in acres owned and a positive relationship between age squared and growth.
The results for acres owned and harvested control for possible selection bias due to sample attrition using the observable variables included in the survival model. There remains the possibility for bias if unobservable variables that affect both survival and farm growth are not correlated with the observed variables. The bias will be most problematic if the unobservable variables affecting survival are correlated with the share owned. The survival results suggest that they are not correlated. The relationship between the share owned and survival was the same in the low and high appreciation periods. If the share owned were correlated with unobservable variables related to survival in the high appreciation period they likely would have caused the relationship between share owned and survival to change across periods.
A Falsification Test
Our model allows farmers who rent most of their land to have different growth rates (in acres harvested or owned) than those who rent less. The core assumption for identification of the wealth effect is that the relationship between share owned and changes in acres harvested and owned observed in the first period (1997) (1998) (1999) (2000) (2001) (2002) would persist in the second period (2002) (2003) (2004) (2005) (2006) (2007) had an unexpected increase in cropland values not occurred. Census of Agriculture data from the 1992-2002 period conveniently allow us to see if the assumption holds in a prior period.
As figure 1 illustrates, farm real estate appreciated at similar rates over the 1992-1997 and 1997-2002 periods. If we re-estimate the model using these periods and find that the coefficient of interest ( ) is small and statistically indistinguishable from zero, it will give us confidence that when applied to the later period the empirical approach captures the effect of 
Implications for Land Ownership
The results imply that land appreciation slows the rate at which younger farmers catch up to older farmers in terms of land ownership because older farmers generally own a larger share of the land in the farm. To illustrate this pattern, we show the mean share owned for each age decile (figure 3). The share owned generally increases with age and is highest for the sixth, eighth, and ninth deciles. Farmers in the third age decile (age 40 to 43) owned on average 39 percent of the land in the farm while those in the ninth decile (age 58 to 63) owned 51 percent. Using the estimated coefficient for acres owned, the differences imply that holding all else constant land appreciation caused farmers in their early sixties to accumulate land 2.7 percentage points faster than farmers in their early forties (2.7%= 0.224 x (51%-39%)).
Statistics from the nationally representative Agricultural Resource Management Survey are generally consistent with our finding that greater land appreciation widens the land tenure gap between younger and older farmers. Considering farms with $10,000 or more in crop production, the ARMS data show that between 2002 and 2011 the share of land owned by the average farmer 40 years or younger declined from 38 to 32 percent of the land in the farm (table   6 ). In contrast, it increased from 79 to 83 percent for the average farmer in the 70 or older group, meaning that the difference in ownership shares between the oldest and youngest group widened by 10 percentage points.
Because of the inverse relationship between farm size and the share owned, the findings also suggest that rapid appreciation lessens the consolidation of land ownership into large farms.
The share of land owned decreases monotonically from the first (less than 180 acres) to the ninth (1,222 to 1,760 acres) farm-size decile, declining from 49 percent to 31 percent (figure 3). The difference in ownership implies that higher land appreciation caused farms in the first size decile to increase their acres owned 3.8 percentage points faster (=0.224 x (49%-31%)) than farms in the ninth decile.
Trends shown by ARMS data also show a decline in consolidation of land ownership in the hands of large farms (table 6) . Considering farms with crop sales of $10,000 or more we break farms into five categories based on sales. The smallest two farm size categories saw the largest increases in the share owned while the largest farms saw the largest decrease. From 2002 to 2011, the share owned increased by 7 percentage points for the smallest crop farms ($100,000
or less in sales) and decreased by 9 percentage points for the largest farms (More than 1 million in sales).
Conclusion
Because land accounts for most of the value of the assets held by U.S. crop farmers, rapid land appreciation can cause large increases in wealth for some farmers. The average crop farmer in our sample experienced an increase in land wealth of almost 190 thousand dollars between 2002 and 2007. Despite the importance of land assets in farmers' portfolios, we find little evidence that wealth gains from land appreciation influence farm survival or affect the growth rate of the survivors. This finding suggests that farmers are able to make optimal land use decisions and are not hindered in their access to land rental markets by credit market constraints.
In contrast to the effect on farm size, we find strong evidence that wealth gains from land appreciation permit, or motivate, farmers to purchase additional land. This finding, combined with the fact that older operators generally own more of their land, provides a potential justification for programs to assist beginning farmers. Because older farmers own more of the Our results provide indirect evidence that one casual channel of a possible bubble is at work. If collateral helps farmers obtain more or cheaper financing, it may amplify an initial increase in land prices, with a land-related increase in wealth leading to more borrowing to buy land, which further increases land prices and wealth (Adrian and Shin 2010; Rajan and Ramcharan 2012) . Our empirics indicate that farmers incurring larger wealth gains from land appreciation bought more land than they would have otherwise compared to farmers with smaller gains. Although we provide no direct evidence of greater borrowing to buy land, borrowing to purchase farmland is common: in 2011 the average corn farm business in the U.S. had more than $125,000 in real estate debt (ARMS 2011) . The link between wealth gains and borrowing is therefore an important area for future empirical work. Note: *** p<0.01, ** p<0.05, * p<0.1. The sample includes continuing individual or family operated grain farms that owned 1-99 percent of the land in the farm in 1997 and that were in a state with greater cropland appreciation in 2002-2007 than in 1997-2002 . The independent variable is the change in the log of acres harvested or acres owned from 1992 to 1997 or 1997 to 2002. All control variables correspond to 1992. Robust standard errors clustered by farm are in parenthesis. The interaction term Share Owned X P2is the share owned in 1992 interacted with the second period dummy variable, which is instrumented with the share owned in 1992 also interacted with the second period dummy variable. 
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